Background: Colorectal cancer (CRC) is one of the leading causes of cancer-related death worldwide, however, the mechanisms of CRC progression remain obscure. The present study investigated the clinical significance and functional role of long noncoding RNA (lncRNA) GIHCG in CRC. Methods: Expression of GIHCG was detected by quantitative real time polymerase chain reaction (qRT-PCR) in seven CRC cell lines and 110 CRC tissues. Comparison of clinicopathological characteristics in the high GIHCG expression group and the low GIHCG expression group was performed. The overall survival (OS) and progression-free survival (PFS) of the patients were depicted with Kaplan-Meier test and compared with Log-rank test. Univariate and multivariate analyses were carried out to detect the risk factors for poor OS and PFS. In addition, expression of GIHCG was silenced with siRNAs in LoVo cells and overexpressed with pcDNA3.1-GIHCG vector in SW480 cells, respectively. And the Transwell assay, Matrigel assay, colony formation assay and Cell Counting Kit-8 assay (CCK-8) were performed to investigate the role of GIHCG in the migration, invasion and proliferation of CRC cells. Besides, the role of GIHCG in chemoresistance was also detected. Results: GIHCG was overexpressed in seven CRC cell lines and 110 CRC tissues. High GIHCG expression was correlated with lymphovascular invasion, lymph node metastasis, distant metastasis and advanced TNM stages. Moreover, patients with high GIHCG expression had much poorer OS and PFS rates. Besides, high GIHCG expression was identified as an independent risk factor for poor OS and PFS. The Transwell assay and the Matrigel assay discovered that GIHCG deficiency inhibited cell migration and invasion, while ectopic expression of GIHCG promoted migration and invasion. Besides, the colony formation assay and the CCK-8 assay verified that GIHCG increased cell proliferation ability. By establishing 5-fluorouracil (5-FU) and Oxaliplatin (Oxa)-resistant LoVo cells and SW480 cells, we found chemoresistant CRC cells had much higher expression levels of GIHCG. Also, GIHCG facilitated cell survival under 5-FU or Oxa treatment. Furthermore, silencing of GIHCG notably reduced the improved cell survival rates of 5-FU or Oxa-resistant LoVo cells compared with control cells. Conclusion: GIHCG contributes to cancer progression and chemoresistance and indicates poor prognosis in CRC. GIHCG may be a promising prognostic biomarker and therapeutic target in CRC.
Introduction
Colorectal cancer (CRC) is the fourth most common cause of cancer-related mortality worldwide, accounting for 6.1% of all types of cancers. 1 CRC is a heterogeneous disease, and the pathogenetic mechanisms underlying CRC development result from a wide array of cellular transformation processes. Existing evidence suggests that accumulating genetic and epigenetic mutations in the colorectum drive epithelial dysplasia, uncontrolled cell proliferation, and escape from apoptosis, ultimately resulting in CRC. [2] [3] [4] [5] [6] Currently identified dysregulated genes involved in CRC mainly include some oncogenes, such as KRAS and MYC, and some oncosuppressive genes, such as APC and TP53; however, the molecular and genetic bases of CRC carcinogenesis and metastasis remain largely unknown. 7, 8 Besides, despite substantial progress in understanding the molecular mechanisms and treatment for CRC in recent years, the overall survival (OS) rate of CRC patients has not changed dramatically. Therefore, more investigations are needed to discover the mechanisms of CRC progression, which may contribute to developing novel therapeutic targets and diagnostic and prognostic biomarkers.
Long noncoding RNAs (lncRNAs) are generally defined as transcripts longer than 200 nucleotides lacking protein coding potential and transcribed by the RNA polymerase II (RNA Pol II). [9] [10] [11] [12] More and more lncRNAs are demonstrated to be deregulated in cancer and involved in a wide range of cancer biological steps, such as the hypoxia signaling and epithelial to mesenchymal transition, telomere maintenance, hormone receptor signaling, RNA processing, chromatin state and methylation, insensitivity to growth inhibition, promotion of angiogenesis, and tissue invasion and metastasis. [13] [14] [15] [16] It has been verified that lncRNAs show a tissue-specific pattern to a greater degree than protein-coding RNAs, and thus lncRNAs are regarded as promising therapeutic targets and diagnostic biomarkers. [17] [18] [19] [20] lncRNA gradually increased during hepatocarcinogenesis (GIHCG) is a novel lncRNA first identified by Sui et al 21 using publicly available microarray data. GIHCG was reported to promote proliferation, migration, and invasion in hepatocellular carcinoma cells. 21 Mechanistically, GIHCG was demonstrated to physically associate with EZH2 and the promoter of miR-200b/a/429, recruit EZH2 and DNMT1 to the miR-200b/a/429 promoter regions, upregulate histone H3K27 trimethylation and DNA methylation levels on the miR-200b/a/429 promoter, and dramatically silence miR-200b/a/429 expression. 21 Studies have found that GIHCG could also accelerate cancer progression in renal cell carcinoma and tongue squamous cell carcinoma. 22, 23 Especially, a high level of GIHCG in serum was reported to be correlated with advanced TNM stages and could accurately discriminate renal cell carcinoma patients with healthy controls, 10 which provides a potential way for early renal cell carcinoma diagnosis. However, to the best of our knowledge, the functional role and clinical significance of GIHCG in CRC have not been verified.
The objective of this study was to explore the functional role of GIHCG in CRC progression and chemoresistance. We found a much elevated expression level of GIHCG in CRC cells and samples. Increased GIHCG expression was demonstrated to promote CRC clinical progression and correlate with poor prognosis. In addition, upregulation of GIHCG accelerated migration, invasion, proliferation, and chemoresistance of CRC cells. Collectively, these results defined the role of GIHCG in CRC, which may shed light on identifying GIHCG as a novel prognostic biomarker and therapeutic target in CRC.
Materials and methods cell culture and development of chemoresistant cells
The human CRC cell lines SW620, HT29, HCT8, HCT116, LoVo, SW480, and DLD1, and normal human colon epithelial cell line (HCoEpic) were all purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Cells were maintained in either RPMI-1640 medium or Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher Scientific, Waltham, MA, USA), 100 U/mL penicillin and 100 µg/mL streptomycin (Thermo Fisher Scientific) at 37°C in a humidified atmosphere containing 5% CO 2 .
Silencing and ectopic expression of GIHCG were achieved by three siRNAs specially targeting GIHCG (siGIHCG.1, siGIHCG.2, and siGIHCG.3) (GENEWIZ, Suzhou, Jiangsu, China) and pcDNA3.1-GIHCG vector (GENEWIZ), respectively. Scrambled siRNA control (siNC) and pcDNA3.1 empty vector (Vector) were used as controls. 
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Jiang et al clinical data and tissue collection A total of 110 CRC samples and paired tumor adjacent tissues were obtained from CRC patients who underwent radical resection in the Shanghai East Hospital (Shanghai, China). All patients gave written informed consent approved by the local ethics committee of the Shanghai East Hospital, which was conducted in accordance with the Declaration of Helsinki. The samples were obtained directly from surgery after removal of a necessary amount of tissue for routine pathology examination. The excluding criteria were as follows: patients who had received preoperative chemotherapy and/or radiation of rectal cancers, patients with hereditary CRC syndromes, and patients with two or more malignancies. The collected samples were frozen and stored in liquid nitrogen until use.
Follow-up was conducted in the out-patient clinic, and the frequency was once every 3 months during the first 2 years, every 6 months during the next 3 years, and yearly thereafter. Cancer progression was dated from the first evidence of relapse based on physical, histological, or imaging data. Results presented in our study were based on follow-up, ending on January 20, 2018.
Quantitative real time polymerase chain reaction (qrT-Pcr) assay
Total RNA in CRC cells or samples was extracted with TRIzol RNA Isolation Reagent (Thermo Fisher Scientific) according to the manufacturer's protocol. The first strand of cDNA for GIHCG was synthesized from 1 µg of RNA using the HighCapacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific). qRT-PCR was carried out using the SYBR ® Premix DimerEraser Kit (TaKaRa, Dalian, China) on an Applied Biosystems 7,500 Real-Time PCR System. GAPDH served as an internal control to normalize the expression of GIHCG. The 2 −ΔΔCT method was employed to calculate the relative expression of GIHCG. The primers used in this study were as follows: GIHCG forward: 5′-CTTTCAAGAAGTTTGGC TGTC-3′; reverse: 5′-GCTCATTCAACGGATAAGTC-3′. GAPDH, forward: 5′-GGGAAACTGTGGCGTGAT-3′; reverse: 5′-GAGTGGGTGTCGCTGTTGA-3′.
Transwell assay and Matrigel assay
CRC cells were transfected and incubated for 24 hours. Then, the transfected cells were trypsinized and suspended and used for Transwell assay and Matrigel assay. The Matrigel assay was conducted using 24-well BioCoat Matrigel invasion chambers (Corning International, New York, NY, USA) according to the manufacturer's protocols. Briefly, suspended cells in 250 µL of FBS free medium were seeded in the upper chamber, and the lower chamber was filled with 750 µL of medium with 10% FBS. After 24 hours incubation, the cells remaining in the upper chamber were removed with cotton swabs, and the cells that had invaded through the Matrigel were stained and photographed with an optical microscope (Olympus Corporation, Tokyo, Japan). The Transwell assay was performed as the Matrigel assay, except that the chamber was not pre-coated with Matrigel.
cell proliferation assays
Colony formation assay and Cell Counting Kit-8 (CCK-8) assay were conducted to evaluate the proliferation ability of CRC cells. In the colony formation assay, transfected CRC cells were planted in 6-well plates (500 cells per well) and then subjected to incubation for 10 days. Subsequently, formed colonies were fixed and stained. Colonies with diameters greater than 1 mm were counted under a light microscope (Olympus Corporation).
In CCK-8 (Dojindo Laboratories, Kumamoto, Japan) assay, transfected cells were seeded in 96-well plates, and the CCK-8 solution (10 µL) was added at indicated time points (0 hour, 24 hours, 48 hours, 72 hours, and 96 hours). Then, the cells were incubated for an additional 2 hours. The number of cells was qualified by monitoring the changes in the absorbance at 450 nm.
Determination of cell survival rate
Cell survival rate was measured by CCK-8 assay. Transfected cells (1×10 3 cells/well) were seeded into 96-well plates and supplemented 100 µL medium containing 10% FBS. Cells were treated with different concentrations of 5-FU (0 µg/mL, 4 µg/mL, 8 µg/mL, 16 µg/mL, 32 µg/mL, and 64 µg/mL) or Oxa (0 µg/mL, 1 µg/mL, 5 µg/mL, 10 µg/mL, 30 µg/mL, and 60 µg/mL) or with 10 µg/mL of 5-FU or Oxa treatment for different time periods (0 hour, 24 hours, 48 hours, 72 hours, and 96 hours). The survival cell rate was calculated by measuring the absorbance at 450 nm.
statistical analyses
Data are expressed as mean±SD. Comparisons between values from two groups were performed using Student's t-tests (twotailed) or chi-squared test, and multiple groups by ANOVA (Bonferroni post-hoc). Survival curves were depicted using the Kaplan-Meier method and compared by Log-rank test. Univariate and multivariate Cox regression analyses were employed to identify the independent prognostic factors. Figure 1A ). To validate this result, expression of GIHCG was measured in CRC tissues and paired tumor adjacent tissues (n=110) ( Figure 1B) . Intriguingly, the CRC tissues also exhibited a much higher expression level of GIHCG than tumor adjacent tissues ( Figure 1C ). In addition, CRC tissues with lymphovascular invasion, lymph node metastasis, distant metastasis, or advanced TNM stages (TNM III/IV) displayed significantly increased GIHCG expression levels than CRC tissues without lymphovascular invasion ( Figure 1D ), lymph node metastasis ( Figure 1E ), distant metastasis ( Figure 1F ), or with less advanced TNM stages (TNM I/II) ( Figure 1G ), respectively. These results indicated that GIHCG may correlate with cancer progression in CRC.
Overexpression of gihcg predicts poor prognosis in crc
To better understand the role of GIHCG in CRC, the CRC tissues were dichotomized to the high GIHCG expression group and the low GIHCG expression group, with the mean GIHCG expression level serving as the cutoff value. Statistical analyses of GIHCG expression and CRC clinicopathological features revealed that the high GIHCG expression group had much more CRC cases with lymphovascular invasion, lymph node metastasis, distant metastasis, and advanced TNM stages than the low GIHCG expression group (Table 1) . Besides, the OS rate and the progression-free survival (PFS) rate of the patients in the high GIHCG expression group had an obviously poorer OS rate ( Figure 2A ) and a remarkably shorter PFS period ( Figure 2B ) than the patients in the low GIHCG expression group.
To further define the oncogenic role of GIHCG in CRC, the risk factors for poor survival were statistically analyzed with univariate and multivariate COX regression analyses. Univariate analysis identified five risk factors for both poor 
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Jiang et al OS and poor PFS, which included high GIHCG expression, poor or undifferentiated histological types, lymph node metastasis, distant metastasis, and advanced TNM stages (TNM III/IV) ( Table 2 ). Further analyzing these factors with multivariate analysis revealed high GIHCG expression, poor or undifferentiated histological types, and distant metastasis as independent risk factors for both poor OS and poor PFS (Table 3) . Taken together, high GIHCG expression accelerates the progression of CRC, and GIHCG may be utilized as a potential prognostic biomarker in CRC.
gihcg induces migration, invasion, and proliferation in crc cells
To determine the function of GIHCG in CRC cells, expression of GIHCG was silenced and overexpressed in LoVo cells ( Figure 3A ) and SW480 cells (Figure 3B ), respectively. The Transwell assay and the Matrigel assay discovered that GIHCG deficiency in LoVo cells significantly repressed cell migration ability and invasion ( Figure 3C ). Accordingly, overexpression of GIHCG markedly promoted the migration and invasion in SW480 cells ( Figure 3D) . Moreover, the colony formation assay found that interference of GIHCG reduced the colonies in LoVo cells ( Figure 4A ), while upregulation of GIHCG notably increased the colonies in SW480 cells ( Figure 4B ). In the CCK-8 assay, GIHCG silencing inhibited cell proliferation ( Figure 4C ), and overexpression of GIHCG accelerated cell proliferation ( Figure 4D ). Figure 5C ). In addition, silencing of GIHCG notably reduced the improved cell survival rates of LoVo-5-FU-R cells and LoVo-Oxa-R cells compared with control cells (Figure 5D ). Collectively, GIHCG contributes to chemoresistance in CRC cells.
gihcg contributes to chemoresistance in crc cells

Discussion
Our study first demonstrated the increased expression of GIHCG in CRC cells and tissues, and the significance of GIHCG in promoting CRC clinical progression was also detected. Interestingly, overexpression of GIHCG was correlated with lymphovascular invasion, lymph node metastasis, distant metastasis, and advanced TNM stages, all of which are pivotal factors in predicting the prognosis of CRC patients. As shown in Figure 2A and B, upregulation of GIHCG was confirmed to predict poor OS and PFS in CRC patients. Moreover, high GIHCG expression was identified as an independent risk factor for poor prognosis. Expression of lncRNAs is tissue-specific and relatively stable in body fluid, so they can be detected easily and noninvasively from cancer patients in whole blood, plasma, serum, urine, saliva, and gastric juice samples. These features make them promising biomarkers in cancer diagnosis and prognosis. 17, 24, 25 A number of studies have reviewed the prognostic value of lncRNAs in cancers. [25] [26] [27] The prognostic value of GIHCG has been verified in hepatocellular carcinoma, 21 renal cell carcinoma, 
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Jiang et al and tongue cell carcinoma. 23 Our results further defined the significance of GIHCG in prognosis. The statistical analyses revealed a close relationship of GIHCG expression and CRC clinicopathological characteristics, which underlies the pivotal role of GIHCG in CRC progression.
Our study first discovered the function of GIHCG contributing to chemoresistance in cancers. We found that GIHCG exhibited much higher expression levels in 5-FU and Oxa resistant CRC cells. Also, the expression level of GIHCG was significantly correlated with cell survival ability under 5-FU and Oxa treatment. In addition, GIHCG deficiency suppressed the elevated cell survival rate of 5-FU-R cells and Oxa-R cells under 5-FU and Oxa treatments, respectively. Drug-resistance remains one of the deadlocks for the low survival rates of CRC patients. Since the 1950s, 5-FU-based chemotherapy has been the mainstay of therapy for patients with CRC. 28, 29 Oxa, combined with 5-FU and leucovorin, has been the first-line chemotherapy strategy for metastatic CRC. 30 However, nearly half of metastatic CRC patients are resistant to 5-FU-based chemotherapies. 31 Therefore, it is of paramount importance to elucidate causes underlying this chemoresistance to circumvent it, and to discover more efficient ways in cancer treatment. lncRNAs based therapy provides a potential method for reversing chemoresistance. 32 Our results first revealed the function of GIHCG in chemoresistance, and this evidence makes GIHCG a potential target in conquering the chemoresistance of CRC. Combined with traditional chemotherapeutic regimes, CRC patients may achieve a better prognosis.
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Conclusion
This study demonstrated the role of GIHCG in accelerating the proliferation, migration, invasion, and chemoresistance in CRC. However, the mechanisms of GIHCG promoting CRC progression were not studied in this study, which deserves further explorations. More investigations from multicenters with more samples are also needed to utilize GIHCG as a prognostic biomarker and therapeutic target in CRC. 
